Marine algae are one of the most important marine living resources for food, feed and medicine since ancient times in the West. However, due to lack of awareness among the people especially in India, their multifunctional properties have not yet been exploited. This paper deals with the pigment composition and its significant variation found in eighteen different species of marine macroalgae belonging to Chlorophyta, Phaeophyta and Rhodophyta, collected from the coast of Okha, Gulf of Kutch, Gujarat, India. Chlorophyll and carotenoids extraction was done with 80% acetone as solvent while phycoerythrin pigment was extracted using 50mM phosphate buffer (pH 7.0). The highest chlorophyll content was registered in Cladophora fascicularis while carotenoid content was found to be the highest in Sargassum polycustum. Similarly phycoerythrin content was recorded greater in Scinaia farcellata followed by Porphyra necnamessis and Acanthophora delilei Lamour respectively. In terms of chlorophyll content, the maximum chlorophyll a, b as well as total chlorophyll was registered in most of the species of Chlorophyta followed by Phaeophyta and ultimately Rhodophyta. However, carotenoids were registered to be the highest in most of the species of Phaeophyta group. The group wise distribution of carotenoid showed an order: Phaeophyta>Rhodophyta>Chlorophyta. Chl b/Chl a, Car/Chl a and Car/Chl b ratios were also calculated and high ratios were recorded in Liagora erecta, S.polycustum and Padina gymnospora, respectively. Besides, phycoerythrin content showed the following trend in the species of: Rhodophyta>Phaeophyta>Chlorophyta. Emphasis was made to know the variation of different pigments of all eighteen species of marine macroalgae in this paper.
Introduction
In marine ecosystem, marine algae are ecologically and biologically important as they provide nutrition, reproduction and an accommodation to other living organisms (Mc Clanahan et al., 2002; Wilson, 2002) . Marine algae are macroscopic algae found Our Nature (2009) 7:48-55 attached to the bottom in relatively shallow coastal waters. They grow in the intertidal, shallow and deep sea areas up to 180 meters depth and also in estuaries and back waters on the solid substrates such as rocks, deep corals, pebbles, shells and other plant materials. They form one of the important living resources and are grouped under three divisions namely, Chlorophyceae, Phaeophyceae and Rhodophyceae. They are abundant on hard substrates and commonly extend to depths of 30-40 m (Kannan and Thangaradjou, 1998; Anantharaman, 2002) . Lewin (1974) stated that the lipids of algae comprise photosynthetic pigmentschlorophylls and carotenes and other compounds while carotenoids are powerful antioxidants.
There are three distinct classes of pigments in marine algae generally occurring in bound and non-bound forms in the cells. Chlorophylls are greenish pigments which contain a porphyrin ring around which electrons are free to migrate. Because the electrons transfer freely, the porphyrin ring has the potential to gain or lose electrons easily, and thus the potential to provide energized electrons to other molecules. This is the fundamental process by which chlorophyll captures the energy of sunlight. On the other hand, carotenoids are usually red, orange, or yellow pigments, do not dissolve in water and must be attached to membranes within the cell. Carotenoids cannot transfer sunlight energy directly to the photosynthetic pathway, but pass their absorbed energy from one chlorophyll molecule to another. For this reason, they are called accessory pigments. Besides, phycobilins are water-soluble pigments, and are therefore found in the cytoplasm, or in the stroma of the chloroplast. They occur only in Myxophyceae and Rhodophyta. Phycobilins when exposed to strong light absorb the light energy and release it by emitting light of a very narrow range of wavelengths. The light produced by this fluorescence is so distinctive and reliable, that phycobilins may be used as chemical "tags" (UC, 2009) .
Chlorophyll distribution, phytoplankton biomass and pigment diversity were investigated at fortnightly intervals in IleIfe, Nigeria (Ekpenyong, 2000) . Dere et al. (2003) Thakur et al. (2008) studied the seasonal variation in biomass and species composition of sea-weeds stranded along Port Okha, northwest coast of India. Chakraborty and Santra (2008) studied the biochemical composition of eight benthic algae collected from Sunderban and compared for their biochemical composition and stated that pigments chlorophyll a, chlorophyll b and carotenoids were present in considerable quantities.
Looking into the significance of marine algae, the current study is focussed on the evaluation of the pigment composition in eighteen species of marine algae belonging to three different groups from the coast of Okha, Gulf of Kutch, India. (Thakur et al., 2008) .
Study area
Coast Okha (22°28'N and 69°05'E), situated at the mouth of "Gulf of Kutch" on the north-westernmost part of Saurashtra in Gujarat (Figure 1 ) is one of the most important places of interest for algal growth in India. This coast being at the mouth of "Gulf of Kutch" experiences strong water currents round the year as compared to other parts of the country. The coast is characterized by rocks made up of tertiary formations alternating with patches of sand deposits making the area more hospitable for the growth of all types of marine algae throughout the year. Exposure of 0.7 to 0.9 km width of intertidal zone for 3 to 4 hours with tidal amplitude of 4 to 5m creates a unique habitat for the luxuriant growth of diverse marine algae (Thakur et al., 2008) .
Materials and methods

Sample collection
Eighteen species of marine macroalgae (Table 1) were handpicked from substratum like mud and concrete surface from Okha coast, Gulf of Kutch during the fourth week of February, 2009. The samples were washed thoroughly to remove adhering soil particles and immediately transferred to the laboratory in ice box for analysis of various pigments. 
Pigment extraction
The marine algae were estimated for different pigment content such as chlorophyll a, b, total chlorophyll, carotenoids and phycoerythrin content. Pigment extraction was done using 0.1 gm fresh weight (FW) of the marine algae for the estimation of chlorophyll a, b using coefficient given by Jeffrey and Humphrey (1975) while carotenoids were estimated according to the protocol prescribed by Parsons and Strickland (1963) and both the pigments were extracted using 80% acetone by addition of pinch of magnesium carbonate (MgCO 3 ). Estimation of phycoerythrin (PE) pigments was done using the method given by Bennett and Bogorad (1973) .
Results and discussion
Chlorophyll and carotenoid content have been represented in Figures 2 and 3 .The chlorophyll a content in Chlorophyta varied from 0.72 to 4.98 mg g -1 FW while chlorophyll a in Phaeophyta exhibited a range from 0.96 to 2.01 mg g -1 FW. In Rhodophyta, chlorophyll a fluctuated from 0.58 to1.96 mg g -1 FW. The highest chlorophyll a content was observed in Cladophora fascicularis (6.91 mg g -1 FW) followed by Caulerpa seertulariodes (4.98 mg g -1 FW) while the lowest chlorophyll a content was recorded in Champia compressa (0.58 mg g -1 FW). Amongst all the species of the three algal groups, the order of chlorophyll a content is as follows: Chlorophyta>Phaeophyta>Rhodophyta. The results of the current study corroborated with the findings of Francisco et al. (2006) stating highest chlorophyll a content in green algae and lowest in red algae.
Chl b was observed to be the richest in C. fascicularis (1.14 mg g -1 FW) followed by Scinaia farcellata (0.63 mg g -1 FW Among all the three groups, highest carotenoids were reported in S. polycustum (0.43 mg g -1 FW) followed by P. gymnospora (0.22 mg g -1 FW), both belonging to the Phaeophyta group while the lowest carotenoid content was observed in C. seertulariodes (0.01 mg g -1 FW) belonging to the Chlorophyta group. Similar observations were also made by Fritsch (1971) who stated that there is high carotene content in brown algae. The carotenoid in species of Chlorophyta, Phaeophyta and Rhodophyta ranged from 0.01 to 0.07 mg g -1 FW 0.05 to 0.43 mg g -1 FW and 0.03 to 0.08 mg g -1 FW respectively. Accordingly, the order of the carotenoid content recorded in different species of the groups can be enlisted as: Phaeophyta > Rhodophyta > Chlorophyta. The results were found to be in confirmation with those by Chakraborty and Santra (2008) .
Phycoerythrin content with respect to different marine algae is depicted in Figure 4 Gomez et al. (2004) .
Conclusion
The present study reveals high pigment content in studied marine macroalgal species and the fact that their concentrations vary with different groups. Chlorophyll (Chl a, b and total) content shot up in species of Chlorophyta followed by Phaeophyta and Rhodophyta. Moreover, ratio such as Chl b/Chl a was highest in members of Rhodophyta followed by Phaeophyta and finally Chlorophyta. Likewise, Car/Chl a ratio was estimated high in the species of Phaeophyta, while the least was noted in Chlorophyta. Car/Chl b ratio also exhibited a similar order as that of Car/Chl a. Besides, Carotenoid content was recorded greater in the members of Phaeophyta than Rhodophyta and Chlorophyta. In contrast to chlorophyll and carotenoid, phycoerythrin content was found highest in the species of Rhodophyta.
